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l‘\KH  SHOCK  AM)  VimiATION  LEVELS, 

by  T.  K.  Ki’iitii’Jy, 

Weapons  l^ffects  Laboratory 

Ttie  Safeguard  Perinieler  Acquisition  Radar  Building 
(PARB)  is  one  of  the  largest  aboveground  hardened 
structures  ever  constructed  (fig.  1).  It  contains  a 
phased-array  radar  which  provides  long-range  search, 
detection,  target  selection,  and  tracking  functions  for  tlie 
Safeguard  .System.  Tlie  PARB  is  required  to  survive  and 
function  during,  as  well  as  prior  to  and  after,  a nuclear 
attack  and  will  e,\perience  high-frequency  interior 
vibrations.  Current  analysis  techniques  preclude  reliable 
prediction  of  these  high-frequency  interior  vibrations. 

In  order  to  obtain  more  infonnation  on  the 
in-structure  shock  loads,  a 1/12-scale  reinforced  concrete 
model  of  the  PARB  (tig.  2)  was  tested  during  hvent  Dial 
Pack,  a 500-ton  TNT  detonation  conducted  by  the  Defense 
Nuclear  Agency  in  July  1970.  The  model  was  subjected 
to  the  combined  effects  of  airblast  and  ground  shock 
loadings.  Airblast  was  measured  on  all  faces  of  the  structure 
and  acceleration  and  velocity  were  measured  within  the 
structure.  Analysis  of  the  data  revealed  higher  levels  of 
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vibration  than  computer  design  analyses  were  capable  of 
predicting. 

Unfortunately,  the  Dial  Pack  data  did  not  provide  a 
large  statistical  sample  and  scaling  up  to  the  prototype  was 
clouded  by  differences  in  geology  between  the  two  sites 
and  by  uncertainties  in  scaling  the  higher  frequencies  in 
tire  test  data.  Because  of  these  uncertainties,  additional  test 
data  were  souglit  to  aid  in  application  of  the  Dial  Pack 
model  data  and  a series  of  vibration/impedance  tests  was 
conducted  on  both  the  model  and  prototype.  Because  the 
PARB  is  designed  to  remain  elastic,  it  was  possible  to  use 
the  vibration  data  and  linear  theory  to  obtain  impedance 
and  transfer  functions  for  various  paths  in  the  model  and 
prototyjx’.  Tills  process  is  sliown  diagrammaiically  in 
fig.  5.  Convolution  of  the  airblast  data  from  Dial  Pack  with 
measured  impedances  from  the  model  provided  estimates 
of  vibration  levels  in  the  model  which  compared  favorably 
with  measured  data  from  the  Dial  Pack  test.  Using  the 
knowledge  gained  from  the  model  study  and  the  vibration 
data  from  the  prototyire,  imivdance  functions  for  the 
prototype  were  devch'  .'d. 

Tlie  test  scries  conducted  on  the  1/12-scalc  model  and 
the  prototyjre  PARB  consisted  of  driving  points  on  liic 
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/■’in.  2.  Completed  1/  12-Seale  Dial  Pack 
model  PARK 


h’ig.  3.  niagramnwtw  loading  and  transmission 
paths  for  a response  at  point  A 


inside  and  outside  of  both  struetures  usint;  meelianieal 
vibrators.  Tite  vibrators'  force  output  was  lield  constant 
while  the  lrec(uency  was  varied  over  the  range  of  tntetesi. 
f'ig.  4 shows  the  .S0()0-lb  vibrator  user!  to  vtbrate  the 
prototyix'  PARB. 

Pig.  -S  shows  typical  mechanical  impedance  data  taken 
on  the  prototype.  These  data  were  taken  by  driving  Ihe 
roof  center  and  measuring  the  output  on  the  centei  of  the 
lifth  lloor  and  then  reversinu  Ihe  driver  and  gage  locations 
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f-'ig.  4.  3()(>(l-lh  eleetrohedranlic  eihrator  ni<>iinted 
insiile  the  prototype  PARH 


/'rototype  PARR  liata  (yOOd-lh 
lirirer  It'reel 


Note  the  almost  peak-l'or-peak  correlation  between  the 
functions,  indicating  excellent  reciprocity  (linearity). 

To  date  it  has  been  prrssible  to  drive  Individual  areas 
of  the  roof  of  the  model  u.sing  the  Dial  Pack  airblast  as 
input  and  hence  to  predict  the  resulting  motion  at  a given 
point  inside  the  siruclure.  Fig.  ba  .shows  the  velocity-time 
history  computed  for  the  inside  of  the  model  at  the  center 
of  the  fifth  lloor  and  fig.  6b  shows  the  measured  data  for 
the  same  point. 

Tlie  results  obtained  thus  far  in  this  study  represent 
the  only  known  set  of  data  available  on  a blast-  and 
impedance-tested  model  and  an  impedance-tested  proto- 
type structure.  Tlie  success  obt  lined  with  this  technique 
demonstrates  that  it  is  a valuable  tool  for  u,se  in  pre- 
dicting the  blast-induced  shock  and  vibration  levels  within 
structures. 
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Fig.  6.  Comparison  of  measured  and  ealeulated  veloeity 
data  for  the  Dial  Paek  model 
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The  If  S.  Army  Corps  of  Ungineers  installed  its  first 
computer  in  the  late  Id.SO’s.  Today,  the  computer  is  used 
in  some  manner  in  a great  tiumber  of  Corps  functions.  It 
is  considered  to  be  ati  essential  engineering  tool  by  many 
Corps  engineers  and  it  now  appears  that  the  Corps  is 
standing  on  the  threshold  of  great  promise  for  making  the 
computer  the  indispensable  engineering  tool  it  is  capable 
of  becoming.  The  principal  factor  for  this  potential  has 
beeti  the  development  of  the  time-sharing  computer  system. 

The  develo|)inent  of  a meaningful  computer  potential 
within  the  Corps  of  I'ngineers  began  in  I'lb.'i  when  the 
Office.  Chief  of  lingineers  (OCl  ),  Iregaii  with  an  iti-depth 
study  of  the  engineering  processes  and  the  identification 
of  problems  a.s.sociated  with  coin|iiiteii/ing  these  processes. 
In  reviewing  the  problems.  OCl:  grouped  them  into  thiee 
tniiicipal  areas:  ( I ) a need  to  provide  belter  and  more 

easily  accessible  hardware.  (2)  a need  to  develop  a library 
of  coiii|riiter  programs  perlineiil  to  the  Corps  of  laigineers 
mission  and  which  could  he  relied  upon  to  produce 
salislaclory  solutions;  and  (.^1  a need  to  make  it  easier  lor 
the  engineer  to  communicale  with  and  use  the  computer. 

The  U.  S.  Army  I'ngineer  Wateiways  l■,x|K■riment 
Station  (WFS),  m con|unclion  with  (XT',  has  addressed 
these  problems  and  there  is  now  a pilot  system  oiH'ralional 


in  the  linie-.share  mode  on  the  WI  S computer.  The 
Conversationally  Oriented  |•ngineermg  Conipuiei  System 
allows  an  engineer  to  use  any  program  oi  group  of  piogi aiiis 
from  a subroutine  library  with  an  absolute  niininiuni  ol 
effort.  The  system  coniniunicales  with  the  user  in  his  own 
language  and  produces  results  that  he  can  uiuleisl.iiui. 
Presently  the  library  contains  ovei  .fs  prograins  leljicd  to 
hydraulic  engineering.  Other  disciplines  will  lx-  included 
when  programs  are  developed.  The  name  ol  the  eveciilivc 
program  is  CORPS***  (an  acroiivm  I6i  C onveis.ilion.ill> 
Oriented  Real-  l ime  Program  (.»eneralin.i;  Sv  stem  I.  Hie  thiee 
asterisks  denote  that  the  program  is  in  the  W I S compuiei 
system  library  and  available  to  all  useis  ol  ihe  WIS 
lime-sharing  syslem. 

The  mechanics  for  using  the  svsiem  ate  quite 
clenieiiiarv . The  engineet  accesses  the  W l S compuiei  vi.i 
a time-sharing  compuiei  iciniinal.  Me  converses  with  Ihe 
computer  in  1 nglish.  I>  pes  in  which  programs  he  wishes 
to  run.  supplies  the  inputs  demaiuled  In  Ihe  coni|'uiei, 
and  reviews  Ihe  results  as  printed  at  Ihe  lerniinal.  llie  eniiie 
process  can  easily  be  learned  by  an  engineer  m jiisl  a lew 
miiiiiies.  .Since  the  basic  siibroiilmes  now  m the  system 
were  developed  by  hydraulic  engineers,  they  ate  written 
in  Ihe  language  of  an  engineet.  New  Indraiilic  design 
programs  are  continuously  Ix'ing  added  to  Ihe  system  as 
lime  permits.  Tlie  only  reqinieiiienl  for  .iddiiig  new 
programs  to  the  syslem  is  lhal  each  program  conlain  a 
preamble  conforming  lo  syslem  six’cilKalions. 
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Ich  1474. 

Investigatiim  ol  Malhenuitical  Moilels  lor  the  Plnsical  late 
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Invcsdeation  ot  Accelerated  Methods  ti»r  the  IVlennination  ot 
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A Note  on  the  (iravilN  Head  V'iscometer.  b\  (I.  II.  kculcean  and 
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Application  of  Remote  Sensors  to  Ami>  1 acilil\  Manaeement.  by 
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Imestiyation  of  ('oncept  of  l.imitmy  the  I fleets  ol  Crateniis 
Detonation,  b\  If.  If.  Redpath.  Miscell.meoiis  Paper  1-^4  M^ 
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should  be  aiUlressed  to  respective  .luthors.  C.  S.  Arniv  1 nyineei 
W'ateiw.ivs  I xperiment  Station,  P.  ().  lfo\  Vicksbui,-. 
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